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ical cell for use in vacuum, *Rie ceil i^m^sfes a measurement electrode (2). a reference electrode (3) and a solid state ionic /species: 
condifclaj^^ 

lected for it^ability;(o catalyse the dissociation or a contaminant molecule into its idruc^^dk TTie reference electnkle cornjmses 
a catalyst selected far Us ability to catalyse the dissociation of a reference molecule m to its ionic species. The conductor is selected 
to conduct aji ionic species eomrnon tb the oissocaaied contarninaht and reference molecules < 
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l&BCTRbC^ OF/ OXYGEN, 



The present inyenfion; relaie^tb ^nsors-for ^e detection of contaminants such 
s as oxygen^ hydfbc&^bns^^ 

and In partcular to ^li^m^ w^i high serisitiyity b£jpw rton^ 
^pressure, 

\t\\ for exampfe, indu^ti^ ft fs?fm|wrtimt^tb 

IS 00$^ yvafere £^ 7Fhe vmfi^ar^ 

desirably; m controlied environment Undesirable on varying 

levels of&ont^inai^ result ; 

in fc wafers havkgtyariable and often popr quality. Various-praclBqes are adopted 
foi^ 

is? -thb tisb? t# jnSJIneg flltejte Mnjj purgirtg of $h§ ^§f^jpi^ent r f^yf^ete^ 
undesirable levels of some contaminants oceasto^ their way into gas 

lin§s or other equipment uj§bd%i thb mantrfactuHng pib^BssK ^Flius it is 
d^R^tefe^ 
Sofft^Ii^^ 

■m . 

iyiorirtoring cb^amihafiit ;s^eciea in; tairribien^ ^^ir^nipvfs pi* under' 
airfibSph&rie^ 

a plethora of sensing technologies utilised to rhohitor and measure a vartety of 
target gase&. For" example, electrochemiQal bells (inpbjpbratin^ a liquid 

25 electrolyte) aire rotrtihely us|d within industry tc> mqnhor jambient oxygen (Os)- 
jfevejb bbiTOtttiriely m Wv<wcide; 

(Sn0 2 ) based sensor devices^ and water vapour is effectively measured using 
Sbli&statb: s^yrnfnW^I^ Jbese sensors 

typi^lly pper^ the^ajrige 

30 from a f e w ppm (part^^^ several thcwsand ppm, Thls.represefits 

:an iappfbxim^ range;aci^ ^ensprs oan; 
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operate; This typie of sensor works effectively wftHin these ranges by providing 
;a\ jinear outpW signal that Is directly proportion^ to^ to^ of target gas 

within the mbnitored environment 

5 ^ipughout the vacuum m^uf^ctyrfng inidus^ ^ demand 
f fof ^gnlatef riWrti^ng; andy <&hfrol jbf cprit^ the proce^sin<g 

^enyij^m^t^ For £^mpje£ i0^e : se^ the 
"c^fttihbing trdhid towards smaller ^sfemfeonductor d^Ge^ttchires; fe^plading an 
:ijra5masing imppftiwic& 0go$ pie ^p&t^ : ^hTl^Hitg; ; and; elirmn^cm^ :6f "* 
opntamin^t^^ 

le^^ahd fcyvre^ : ?£ie|™^ li*#tHct)^ ^htrolled 

reduced pressure enyirspnirients (he. vacuum) where the pre^nra of any 
Auhd^Ir^ hydtpoaift^ 
result; In wafers ppphquai^ vyhilst ^ number, of 

as- • ^practices a^ t^i^; ^ ^^m^iifactoring 

eriyjronrrifent (such as the use of inline fitters; and purged environments) the 
possibility of undesirable leveis^of some contaminants ^ finding their 

v*ay into the manufacturing process still ;exlst& Hence, it is desirable to 
^OTi^ni^u^ moil enyirpnme^^ 

20: tf^eriti^ 

"Whilst conV^iftOTiai jg&s^s^ fe ^SifiaJ^le for 

monit^^ 

themselves for -appHpatlons within syb-atmospherfe processing environments. 

■25?- As nofedi- that is 

;diri£tJy pi$pp$^ tei^^^nfi^inf^ |eing Monitored, 

^ensprs^t^mt display linear ourtput ^gnals are suital^ fpn c^rafipn under 
ambient coriditfo^ foufedec^ rahg^;t^iGall^ 

}r&$mrg$ fpr su^ $M from ^ few: ppm ;tp s^er^)thpusand^ 

3d However, they dp ncit lend themselves to applications within tho semiconductor 
^r&ceSsihsi wfiSre typical; prb^ss- bbhdrtiohs can span at ;thirteenT*ie6ade 
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pressure range, from 1e -1 ° mbar to approx, 1000 mbar. Within this pressure 
range a sensorcan tie required to detect poht^rnaht, levels ranging from ppt~ 
(parts per trijliph^ tens of thqusantJ$ of ppmv'(i:^- an ^efghtf decade 

detection range or greater). 

,5'. 

In addition, vacuum environments by tfteir nature are reducing environments; 
cuidift^ indirect m^sureme^ 

)j^d-und^ TTte; physip^^ 

such; th^thefit cdh^m 
io ihumbefr 0^mof^ ^p^i^^ithp ^rii^^MpI^^thetei 

are agpr^j^t^^ in;ia?ie^mban ^Gii^" 

environments: must be designed specifically to acTOunt fo quantity 
and; different ffilvy^ ctrarSpfefi&i^ pf ^a^tftisi gg&Qigg- ^yftHirir ^ac^uunfv 
is ^nvlronrnf n£ 

Considering the above" Issues it isppted thatg^hyentional electrochemical cell 
technology (typically used for monitoring oxygen levels in ambient) Will not work 
in a v&c&l^ M ^yi^n^nt tffe? liqiufd 

20 $lgp$jyte Wit^^i^^ rapidly evaporate; r^ultingi In 

signal diffia^^ ;S$i^rs th^in^^ra^ 

^plid^stat©; gl^ijolytes; ^icfv ^s $^nja, may prpyide #n ^)fe^^ 
^pli^state zirepnia t^e# ete^ sensors are^vviQ^ Ss^-tKi^^tTOuf 

moden^m^ FiQufe i; 

25 ;shpv^ S typi^ ojcygeo sepsor used in industry. A 

thimble of zifcoma is coated on its interior and etferidrsutfaces with a catalytic 
conducting eli^^de.and thi lentii^ ieG^ is- heated ;e^rnaliy f tite 

gaseous sample t&be n^pnitored |s : passed through ^ 
work to the internal measufemerit electrode of the senspr whilst the cuter 

m referer^ Exposed to; the; amfeisnt reference- The rphysicaj 

cpnstructipn of this sensor is su^ that; it vyorks. wpll for ambient monitoring 
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conditions* However, If used for vacuum ^plications the sensor w 
:from outgassihg effects (from the measurement electrode) during evacuation 
and qohdU$ta"ri^ givje incpirect measurement^ 

■times^ Under vacuum -condition's thai^n^-tpa- ef- serisor (typically used for 
5 imbhitbri^^ 

-Gride intent Jefai^ time; -In 

^rincfple W is :^^ft)le to us^lhaMM^a tyjte 'of seri^ rsr ti&iel for 

niclnif^ VvitWn 

^Hoy/eyer, duetto diflfusfen rarefi^^aG^uifi ^vifeWm^ these 

id. ^af^rs vvIIJ ha$&i a very ^oyy speed of r^p&h^^fvd ^uld? r^ pn^det^a 
sprfflciently^ ;qutek < jbdicatran of contaminant ingress into: the processing 

?eihv<&rim^ 

Inigeneral, 16 perfoOT useful measurements within a vacuum Myironment it is 
15 necessary to utilise equipment that is - specif fcally designed for use at low 
• pressure in prefe^^ ior:ieii^&^ For* 

eXSmf^ 

WOO >rribar cpnventional pressure t gauges (e;g. diaphragm ify&ig&gps) are^ 
typically used. "The^e sensors, are usually selected to epver a three-decade 

20 pr^tire ra^e «^ ^fl^^^.g^^MP- 
{ rarigev HiSwe^ir^ in brtferfe nteasi^ 

1 ef m;baf pressure It is necessary to titiHse a different type of sens^ evg. ipr* ; 
gauges. Ion gauges are hot filament sensors^ ^ measure the pressure by 
ibhisiri§ gaseous;^ ^^e&?^ 

25^ an acpupate pressure indication. Ion gauge? provide a tog-linear output signal 
aHpv^ng/thjem ope0^<$^f:s^M dsdad&li (liei :frafff iO n1 ° tifeaf 'tol 150* 
mbar} with Wie- fequired sensKryity t# flperater in yacuurTi Bin^tonrtiepls. , 
Si rhilarty , : In. order tp njeasuiB ;t^ gaseous sp$e|es> 

present within a vacuum environment It Is Hecessary to employ specially 

30 desired; ^ use such as Residual <3£S Analysers (RGA), 

These instrumented^ ^^j^-W^S^^^ 1 ^ within: the vacuum and 
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Identify the Individual gas^bua selective detector that 

can dfi^i^^ order to assist with 

the; fdentolfdaitiori . and qu^tWcation of each. MKlt^FR^^ 
derate; in procure t^ge^ t^bw^ i le^ mbaf ; pey iran modtfied to pp0fate;at 
5 pressures abqver lef rribar ^ differentially pumped: 

Sinf^genrferifc Differently^ Qfan iifaei^j^^ 

system Usually requiring ^dtti<^ai|; |um|sj to evacuate ?art; 

l&haiysls chamber ^ via rife 

small teak or a ftnfe^ ^fthoiigh this prpyid^s a solution 

iQ to medsuiihg ga^bus-§pe6^ ranges experieneed 

^fip- thl s^ii^n^ pfst ^In^Jlt^g fVSM 

equipment through typical semiconductor manufacturing facility makes 

is there Is: a.jifi^ufreme^ ^ j$smi^ industry -tcfc 
pr^ 

wide pressure ranges us^d during / processing (i.e> from le 1?> mb$r to 

atepsphe&rpm^ no single solution. to meet this 
26 tiquii^eni^ 

The present invention aim^ 

aoputptely Vmdnitor the presenc^ v and quantity of selected species In a wide 
^fcng^ ^ enyiranm^ts jnclucj^ at 
25 ^rtfial a^ 1^^nsbr;is ittt^ 

Supfr^ 

now x^rnm^n}^ used w ^ 

&1irst aspect of the pr^nt in^ 
30 configured for use in a vabuurrv environment the sensor - cdmpnsihg ah 
olectrocihemical cell cphlprisihgiav^ 
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ygel^cted for- <it^abHity^p ^ the dissqciatfon pf the wntaminant molecule 

intcvjts ^ a catalyst selected for its 

il^ili^ referaric<^^ 

^^lid|stafe jpn% ^eGfj^ briaging %e r^^^remei^ electrode and 

£ lthe^r^renG^^: ei^tfScte^^ being ^el^ei^tp induct aft iortic 

^£^e§ c^m^ j&eren^ molecules?; 

^ancj. means cSn-^jh'switv aifod*: 

ri d! ?fiS iuse^e&ell is^i^lifi. opipi^ic^^ ^l^cWcal: 

%e cohWgMrBd <$oi mesMjM Mm &le^iSafc i&renf (In Sri - ^pra^tri^ 
rorifiguratioh) or tha; emf (in a ^pptentiomet*fic ; configuration)> produced, across the < 

^c?eife ■• 

m . 

Earih-electrode may be comprised frorih, or coated with, its respect^e catalyst. 
"IThe 1^tialyst tt electrode materials may be a, metal, a conducting ox/da or 
anther sult^ the seteetipn of 

vfayotig vtHfe dis^^^ri tha ^api£s| of ^gMB*. W^M^^W^U 

<20 dissociation f^ notoHnterest) species. The skilled addressee 

will npdoybten visage ^appropriate, catalysts for separating certain ionic species, 
from certain ifribl^cules without. dapartlngrf invention. Without Hmrtatipn, 

c^taj^ts- rn^yi irtdiidf; flatinui^ |for^ libenattn^ & ( Mm WtM r *$£ fronf 
m^<M^b^ W*Wft hydirap^^ 

'M gbld^Hye^ 

EJtiring ^^^Bii^^fi^^ ^ lifercne^h^ 

species is provided within the reference environment-space. This is used a? a 
n^reriGe witfr w/iiiGh *e iad : ^aM^ *m$Mom& 

30 eh\Hrt>nhieht ^nteii^^rn thp mo^^ 

% applying' a suttable&a!§9ri^ ihprppratintj ma^^red parameters of the: 
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electrical -signal generated by the cell : farid known chararteristics of the: 
reference; ehvirohment; the: partial pres^ufB; artd thua fBlativ^ 
sf^i^h ttt§ rtidnifo ♦ 

5 Ih^cife^ ^ujti^be relatiyely^ straightf jQ?f^&rd to; prpvlcle raf 

r^etgrtce^ enyironi^^ ponrtalhs^^ the jBfejnence module; &{t^Qwn;- 

quantity of> the; s#i^^efiiemical ?sp'e6ft£V; as ^kh^^^S^r^^^^'i : f&r 
eS^plg.^iCMr ; t^ ^alysf fpfrlj^ 

i^mpH^i th** sarne material as ^the catalyst for the reference electrode. 
10 HdweVeiv whem it Would be relatively difficult- to provide rSucH a* reference^ 
envl^mer^ fapescs^^ 

on the chosen reference, molecule Ithe cataly^ djectrode 
may compM^ 

f5 fbf exs^ 

a contaminant molecule and for the dissociation of H^ as a reference molecule^ 

fh^ ref^eri^ en\drgnment space may be/a sealed enqjpsure into vvhich a 
controlled environment is: provided; The source of ionic/species prpvided in the 
%0 reference enwrpn^enfcmay-i^ a source of the ;^nte^ npple$yle or-any 
pthepsoum^ of that ionic species^ The ioi^ # 

pH&sSe, for^^mpiet buf^npt limited ;td a gas^a Ikpid jpr a solid- Foreaee pf 
storage and hgndling^ a so|id^state^source is preferable. Suitable Solid-state 
soured Willi; no dou the^skilfed addressee. Exarfiples ;of isuitable 

25 reference environment; sources include bjurtt are not etrictly limited tea^ 

metal, a metal/mete^hydride, a metal alby/metaMiydride, any solid hydrated 

Species^ ^ scilici ergaHic ;spe#^^ 

nickeKnic^ 

30 ©the^ suitable seu fees: may included but >ai&3\Qf limited tp Organic, a^ 
orgahiq species (fpit M5)v 
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The rhearis. for irirtiating the catalysis of the jdi^TCi^ba of the rriolecules 
preferably^ means fdr ^j^dlllng ^d ffipni^ of 

the regil In, the preferred embodiments, sealing means are provided for 
5 separating & referenda ^nvl^rirnent space fteni a rnpnttcfred- e^rahmeW- 
space; the m$z^ for contrctftog the tempMa rature of thp -cell Int^^ng a heati^ 
device contained ^hi^ ref^nc^Kehvironme^ TWUs^in a^seeoftdi 

aspect ; the j^esei# Inyentfon; fpfpyides a ^riteWi^nt mqi|Gutej-- \sf nsp> 
TOn^afed for use (n Vaduym f enviranmeht^ tile, sensoN<x>i^fe^ an 
16 Blecti^^mical bell; #rnpnslng ial mea^ el^ctrcide; 'c»;at^a" with;, dr 

cpmpri^^ 

contaminant molecule^^ into rts ionic species, a referent^ elebtrpde^oafod with, 
^compn^dffnom a c^talystvsele^ catalyse the dissociation 

of a reference mdlecule^nto its ionic species; and a solid-state forilc: species 

15 Gbnductof bridging the fnjeaeureir^^ electrode, the?, 

epndj^o^ Sejngp selected ;to- conduct ai^ ; species btertteon to the 
dissdqiated contaminant and reter&nde molecule^, means for cohtrplling and 
rnonitoring the temperature ofj the> cell, and sealing means for separating a 
reference ehvi^nmentlspaQe^ if i^rrv a^dhitpred environm©nt"space f the means 

20 for &ntrpliing and, monitoring the temperature of the celt Jricludin^ a heating 

The means for controlling and monitoring the temperature may include an 
electrically powered heater, for example a nichrdme wire wound heated ft will 

25 be appreciated that a heatvCqnducttMe materia] may be heated by means other 
than ejectrleal The rhearis fiarthe? cdrf^riSe a4^^6teture? se?ns<if % tor 
example, i[&trf^ The range #jterfipena^ 

controllable and monitored by the means rjiay extend from low to very high 
temj^^ur^ 

3b th&dtssddation^ 
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Suitable solid-state species conductors will no doubt, occur to; the ^killed 
addreM^^ex^pfes of which may ->in£luc]^^ 

GaZt^tiiMQ^ & Xj *B^rp^^ and 

-exafliplev :but: not iiipifed tp.^ :Silv0r^Iortde); Other 
; 5 e*rampl£s ihiludev-^^r^ not strictly limited to; Tor W, 6rg£hi§? membranes, 
inorgani^^ p©!ymer^ oteepKCqi^jSf^ ayallaibie; 

species i&^u^ts |fof fexan^ Nafion^^ 
yttri^ 

M 

semfconducAdf pfe^ssing OTvifenrnent^ necessary to idefnfflpla suitable 
juenmi^ fhf 

15: rangev ln|aa^ 

depleted^ or dtherwfse affected by : constant exposure i to the?, tedueirtg 
em^p&rtl^^n ^h^In^nt^;]ja^ fpjjndl tfeiti^rtth ^ultS^ 

adaptation, solid-state electrochemical^ materials can rrteet theserequirements. 

2p The ^election of the (Blectipchemical solid-state electrolyte for such a sensor will 
defend {^ofi^h^ 

df^bciatediiojilc, species. TTie>elect^ 

will enable It to conduct an ionic species ofthe target gas/ Conduction of the 

ionic species wlll^enerate^an felectrohi^ 
25 an inclination of tfte quantity oft contaminant: gas; within the) mpnitored 

environment In addition, to improve the selectivity of such a device it is 

ixti^ ^iatal^ic^it^fede miteri^; 

the dissociation Qf the target .contaminant gas to its ionic species (whilst 

mprnl^^ t&pravide 
30 £ £alib ratSci ^utpt^ It is^alsp nWd&Mty tp^r^vidf |E- fief ^hc^eyiige that? 

la m^hfd to be measured 
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rnir)iM of the^ ejectroehernieal 5emj^erme£^iiity --of the-, 

^le^rfij^e rtiateriab r Th# i^ren^3evic» J (bf RhdWn oonj^nttation) is prx^ideci 
M<: a tfefet$ff&' ^lactr^de £ffd ^the c^^ntratibiii;. gra^ent across? tiiej; 
v el^j^htemical §^n?orr 4^^e^;; ; ftie? ^^8j^'i»iri'#j$' and- the reference 
3S? ^leetrq^lS) is viisettl to fcaleulate; th§ ^ntamlnaint ga$; coni^jrcali^if at /the;* 
measure 

Im^ortaijt JltCis alsg^eofsf^ ti|^n|to^ 

iMinMef that Sis;; vpoir^^ilSti Itftfi : ii^Caiati^tt; tfhtcg is yi^urti: Ip^rtmeM 
^JS^ifrtnl! ; |bjtTJ&®^^ V^!*^^ #i^pay^ 

hswe M p^ bHlidnC^ 

provides a leak-tight seal between the Vacuum emrironhriert and the 
-sarrduriding ambient^ Mani^acrtuHng^an effective seal is no# a 

fVmsA matte;f a^rj^ulres s^e#f|c j^is>jn^ seal metaWfe *6 ceramic 

materials and? to miiQw>^ t$S ii|d^B|U|h . •# K# ; ,vfte^ssap; el^D&ieaL 
§0: icon^tt^^^ 

Rihally^^ use in 

vacuum <i6nvironfTients Is; also important the number of molecules vwthin a 

M billliriittimf s M0M 1|^rri^; Tn.e^di^ 

gases; in a vacuum environment are governed bye probabilistic molecular flow 
mechanics. Hehc^ it i^neees^^ such a 

W$nnM -th'at the §^$o^^ is 
suditam^ the gaseous species 6f interest in the residual 

3b atrriosphere. 
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In a secqiid 'aspect} the present inypntton -:|3teiyi3e6^ ^'.m'^jtti^cj of detecting: pfr 
monitoring the presence of a^ntamlhant m 

3hP m^<^ fepn^fising the^tepS/Pf providing ^Bieptj^ c.ompilsihg , 

|a mMSUiBrtieht jel^i^e '^mpri^g; a catalyst selected |or -its; ability - to- 
5 : catalyse the^ d i tnkrit fopfe<&lp£i6tp its ibnip^p&difes^ a 

fjtfe c^mpiisihg ,a c^tely^ eatat^^ th^;; 

^dissodSiprt^a refeten^i^dle^ arid a sdlfd^sMeiibrtic* 

^pSeii^ic^ ;plieti^ ^ rf^i^h^ 4 

electrode, the cpndu^^ conduct an f^ic species common to 

Wo ! thfe dfs^d^iatedJ^i^ta^ >m a side; oft 

^ttte; pell j|pufiyded ^r|KP ^r^gmrij^^ ?af soprpej of; the; ^ferBiac^ 

rnplec^i% Inttiatir^ f ^^0s^ : ;.:ai^flwS tli^^iation Wf^(krxi^M^m arid; 

^ntiamina^ pigl|cutes| y^fltPilfj^ pau^eter W r flS : ^ie^Gaj /current 
^pi^u^(£^ 

15 pressure of the contaminant molecule h^ ian environment on the side of the cell 
6oiimcleiiJ fcy the measummen^leelhsde rdiattve|to thafeonlfee side: p^e ^elj 

fiprth^ jpi|id^ 

Rlgure 1 show$ an P In ndrttial ^bient 

pres^re^ 

25* Eigufe 2 .shows a cpntamlnant molecule 4 Censor ih accordancp; with a first 
gmb^ 

Figure InKa^ 
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Rgure A shows a plot of emf versus partial /pifcMure^of a^^tkfnlhaint molecule 
for o invention. 

AS^shown fh Figure tha pripf^ 
5 and a iroasu A species conductor 101 bridges tire gap 

between; the :eleirtrpd^ The measurement ele^rode^ 
mprtltpre^ e^r^rimeiit )4Ql *Gassto -:b*eg nionftor^d^is ftrrtro^uo^l Into tfie 
mdMd^ vik ^ij?^leSf i 21M^ Th^^asi exife 

the m^j^ri?HCl: §r^i^m£n& Tip l^rpugh pipe: *I22: yl& piitlet 122a; 
%|feirp^ 

^e seropp^^^ 

invention with internal and external heater arrangements. The sensor head is 
is deigned H§5 maktelse e^ measurement electrode to the vacuum 

ehylronmeht. To provide } heating to the sensor head a heater arrangement 
may ^ M^sjSov^ 
embodiment 6T Rgure 2, of exl©^ 

^nsula^n m limited jx> ; a vsu^m^ 

$Q: !nciateHaJi Ms- sftc^to 'ilhi b^?di^$#iiTef 

heater Is? located tb minimise thp radiation 1 pf heat from the -sensor, torthe 
sippundjr^ 

As can> be seen in Figure; 2 an emtDpdiment of too Invention comprises; a 
25 s£eci^^ 1 v bri^iri| th§- gip B^ivesen k hef&i^c^e^^ 

^^Ufig^ TOeSsj^$^ 

wire heafer^ 5 enclosed v0^|i3 #ier refei^nce^enwrbftm^ The 
•tompemture of /tite hs^er 5 Is; rtidnft^ire^ 

device 6. A vacuum feed-through seal 8 is provided around the cell at a 
30; distance fr^ vyhlch carries the w ?l . ^ls.aHp>ws the^devi^to 

be mounted; within a monitored envi^dhririeht' 10, iot example, a vacuum 
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chamber via a vacuum flange 7 whilst enabling exposure of the inner reference 
environment space .4 to a separate environment &hleh may have different 
properties t^the rnonftpred enyir^m^t. 

5 Figure' 3 shows ah alternative:^ Asin Figure 2, the.-. 

SSfii^ bringing thp. gap between 

elecfrode 3 sthd^a measuremefit electrode >12: Species ^onduo^r 1 feU 

.(fia^^'by^. nicftraij^ ep$^n^ 
environrnent^ spape; The temperature -of Sttiea heated 5 is mohitored : and; 
to ^fWrolliecJ tHeiroQGPupl^ , S Sfd0mrr^ fge&th rougfi^#^l ; ^ 

4 p^ov$|^ 

1. This ^lows the device tp be mbuMed yyitKiri a 

example, a vacuum ^^^gf^^^t^um flange ^ !p this embodirnent, a 
seat 9 encloses a reffer^be ^tflrarim&hfc ^5S6eM Electrical ;d^nifctb*s^iiey 
15 passed through the seal, for supplying the tlilf^pppupe ? ^nd electrp^ps" 
con^^ tftej reference ert#brimen£ spaM 4.: Typibally, in this; 

embodlmeht the ref eteribe enyl rbhrnent epmprises a ^Itarstate pum of th£ 
speci&s;;l2; 

$o Figure 2 ^and Rguref 3 show schematically how these embodiments of the 
fe^ntiph m As 
cMn tfeiseeii, the >emf diffete^ i^r^ic© ;eiep^£ ^^nf m 

ttyep^ 6fi# hfteaSuriH^ cfevice 

1:1 \v^^ The ^G0i&0gf0jal. 

25 separated by a species conductor 1 and connection to the measurement 
electrodp is made via a vacuu^ 13; 

In jph§ exam^ in 
iFigLtre and Figure % the" molecule monitored is Abater vajfour H^w thS-fertib: 
3d vsjpefefes; conducted > i3-H^ the reference molegul£ Is Mk gas. In this; 
cprifiguratipn; platinum piwW^ both the 
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measurement electrode and the reference electrode, as the reaction kinetics; at 
the platinum meastinsmeht ele<^aer^'ancithe plaiiriuhi reference electrdide 3 
produce a romrr^^ respBgtiyely: 



Ihsuch ^ 



Wfierer 

J^=^gas Gpr^tan^ 
l^temf|e^ 

i?rt2(REF) = partial pressure 



From a, the partial in the monitc^ 

empirical^ 

This equation can be ineorpbrated into microprocessors along vvith algorithms, 
for y^e^hiinihg tJ^f|ga|1i^l' pressure ^ the monfa^^ A; 
display may be; associated with the hiicro^rocessbr from Which the calculated 
partial ^ressufe of tfie?cbhtarriiriaht ludtecul^ can be directly fie^o Sufch a 
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: ^^e^^nt^y i "f8ilh8.r- injapr^qrate- ;£fr*alartn< comfig^ user when a 

pred^ped r part^ 

Wjguc^ b0Ne$r\ partial pr^sure an (n : 

iS: the>telectroc^^ 

s$ji^^^ the^Q£^ 
aBflit^tc^ittal 

wk& *s©t!i#8$ |e> <cmdu$ an; lohjcfe Sp^oli^ > ^oifttrn^i : Ho :fflai 

m ai^at^ 
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CLAIMS 

% £c<mtan*in 

envli^om^t,^^ ceil 
comprlsln 



20 



r ^oafaiy^ 
inference 



— . - ■ :v» ** 

lofiie^eet^^ 



2, A sensor according to ©{aim i 5 whereto the niearis Jor iiftiatiir^ lliie 

i^olecules comprises m 
teii^^ 



Als^nsof ae^tft Ng to Gteiml2^ 
^^e^he/$^n^ 

^antit^ 

powered heater: 

?3& 
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S. ^sen^r^ccprding tpfOlaim 4, vyherein iki$ electrieally powered 

heatef^mpfisfes nfchroma wirefc 

^tintrofl ihQ : anci rftdriitonn^ 

s - »■>>-. . 

7^ $^^^ir^ 
r*8L s|^!*s^ 



t 1 



15* 9- <A sensor according to $ny preceding claim; romprisfng seals for 

icoi^nedSo^ 

10, rA-sensdr^accordlng -to •any. : pr^e4feg.jcl&rnf wherein a reference 

20 • :fte$^ 

:#nvironJTierit^pace^ 
:#ie6fro^ 



A sensor according to Clainrl 1 , wherein electrical cables for 
^eof^e^rtg the elfei^icte^sind optionally, an electric heating means 
wfth an^ei^^ 
?pac!8 pass through the se 



30 
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13. A sensor according to Claim 1 1 or Claim 1 2, comprising, in the 

r©f<ef<^^^ a Sblid-state source oft the reference 

molecules. 



5 14. a^ 13 r wherein th^rbhlc^sp^iB^td be 

conduct^ ^ 
f^al^ 



vftetafcaim 



i(j^^d^ 
iai^t^ 

iii $ : sensojf etcto^ 

f^nduc^ 

20; A sensor accro^ 

^il^effeh^ride^ 

21 . A sensor according to Claim 11 or Claim 12, eomp#ng/in#ie 

3Q referS^^ 
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22. ^sensor aecbfsJirig *6 0lainf 21 Y wfieneifh the ioriic jspacies to- be 

GonjdyGtetdjs. M+ V and thie source comprises a licjukl acid. 

5H i2& A sens&p^ * whpE^irr thfe (pni<^#p8jpi#§ 

conducted is H* ^ prgarite liquid. 

24- ^ ^n^r ^^r^ ^r^j^fn ^ 2i =<tom^sir^ 

rafer^^erivifo state Source; 6f%e i^riie 

25. A^ien^r^ 

15; ; 20^ A S£Q3£r a^Q^%Q>tp m2^ 

i^ndiJ&torls ^elect^^m^ 

inorg^ic hierhbranesj potyrher membra^ • 

Nasi^tfH 



20 



2t< A sensor according to any of s ©lafms 1 iis Wk % whsriiiT ^ 

l? ions. 



28. A tensor according to Claim 27 t wherein the so!id-stat§ sp£ci§S 

* . . . ...... - Ur 

25; ^nefaptpr c^rnpri^;|j^ 



29 . A sfcnscfr :ac^ of ejaims 1 t<£24; wft^ 

state ionic sp^pies eon 

30 30. Avsehso r according to Claim 29, whefeih the. spIidTse^Jipnifc: 
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31 ♦< .^Se^r^c^Ninig' to ®fflm^^^\i\< the: solid-state ionic 

;3#v A sensor according to any preceding claim, wheriein atjeasr pne of 

th]e%^ta|y|^^ 



20 



A sensor according toariy>receding claim, wherein at least one?of 
ttve^jfeiyf^ 



Avsei^sorafco^ 

25 irrtqnttoring avpa»|tmeter of ^f4^M^MMM^W0Mui^ the 

cell, and means for calculating from me monitored parameter the 
partial pressure d 

tb^hafbn asideofthecejl^ 



30 
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39- &serisorac^ 

reference arid n^^g^^l^rc^95 r 

r^erencl^^ by 
■ on#ie^ 

25 % 

"is eteatrolf^ 

42| A rne^hod according to Cfaim 40 or Claim 41, wherein cataiysisgof 

vtft&colift^ cefc 

30 
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43., A- rnethod{ae(?0 

reference nriolecule is the sarne as the contaminant molecule. 

A .meth;q^ accpi^ngto of • Claims *^ to 43? v^ierein ti^e 
c& cat^^fSr^;^ 
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